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ABSTRACT 

Results of wind tunnel t e s t s  of the Apollo p r e s s u r e  
model  PS-3 in  tunnel C of the Arnold Engineering 
Development Cen te r ' s  von Karman Gas Dynamics 
Facil i ty at Mach number 10.0 a r e  presented.  
t ions of models and tunnel installation a r e  given in 
addition to  p r e s s u r e  instrumentat ion and actual  
tunnel operating conditions. 
a r e  presented for  all runs. 

Descr ip-  

P r e s s u r e  coefficient data 

Basic wind tunnel t e s t  data a r e  presented  only to 
make  the t e s t  r e su l t s  available at the e a r l i e s t  possible 
date. 
published in a s epa ra t e  document. 

Analyses and summary  of r e su l t  will be 
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1 .  INTRODUCTION 

The Apollo p r e s s u r e  model PS-3 was tes ted in wind tunnel C of the 
AEDC von Karman Gas Dynamics Faci l i ty  f r o m  6 September 1962 to 
2 2  September  1962. 

This t e s t  was conducted to  determine the p r e s s u r e  distribution on 
0. 045-scale  models of the command module alone and the command module 
and se rv ice  module configuration at Mach number 10 at o r  near  flight 
Reynolds numbers .  The models were  constructed by North Amer ican  
Aviation, Inc. 

Additional information relative to these t e s t s  is presented in the 
pre tes t '  and the s t ruc tura l  analysis'  repor t s .  

' P r e t e s t  Report  for  the 0. 045-Scale Apollo P r e s s u r e  Model PS-3 in the 

'Structural Analysis of the 0. 045-Scale Apollo F o r c e  and P r e s s u r e  Models 
AEDC von Karman Gas Dynamics Faci l i ty  A, B, and C Tunnels. SID 62-752. 

(FS-3 and PS-3). SID 62-777. 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  

-1 

II. MODEL DESCRIPTION 

COMMAND MODULE 

Three  command modules were used to cover a n  angle-of-attack range 
of 0 to 180 degrees .  
but were  a t  angles of 30, 90, and 120 degrees  re la t ive to the axis  of 
symmetry .  A sketch of the command module is shown in F igure  1, and 
drawings NAA 7121-01 162-5 through -10 give detailed descriptions.  

The stings were  integral  with each command module 

SERVICE MODULE 

One se rv ice  module was used in conjunction with one of the command 
The sting was attached at the r e a r  making an  angle of 30 degrees  

This sting a r rangement  provided 
F igure  2 shows the command 

The complete se rv i ce  module 

modules. 
with the center l ine of the service module. 
an  angle-of-attack range of 0 to 60 degrees .  
module and se rv ice  module configuration. 
alone i s  detailed in drawing NAA 7 121 -01 167- 2. 

- 3 -  
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1 1 1 .  INSTRUMENTATION 

The command module alone and the command module with serv ice  
module configuration contain 88 p r e s s u r e  or i f ices  distributed a s  shown in 
F igu res  3, 4,  and 5. Certain taps on the command module a r e  eliminated 
by the  sting position and tower attach points for  testing of the launch escape  
vehicle (F igure  3). 
t ion,  the 90 through 140 s e r i e s  orifices on the heat shield a r e  deleted. The 
measu red  S/R ra t io  for  each p r e s s u r e  or i f ice  is given in  the following listing: 

On the command module with serv ice  module configura- 

Orifice 

1 
190 ,  194,  199 
2 0 , 2 9  
2 5 0 , 2 5 9  
30,  32, 34, 36, 39 

4 5 0 , 4 5 2 , 4 5 4 , 4 5 6 , 4 5 9  

550,  552,  5 5 4 , 5 5 6 ,  559 

40 - 4 7 , 4 9  

5 0 -  5 7 , 5 9  

60 - 64, 6 6 , 6 8 , 6 9  
2 , 7 0 , 7 2 , 7 4 ,  7 6  - 7 9  
3 , 8 0 , 8 1 ,  8 2 , 8 4 , 8 6  - 8 9  
4 ,  90 ,  91 ,  92,  94,  96 - 99 

S /  R 

0 . 0 0 0  
0. 064 
0.  118 
0,  208 
0. 289 
0. 497 
0. 936 
1. 155 
1. 372 
1. 589 
1. 742 
1.797 
1. 854 

Orifice 

5,  1 0 0 , 1 0 2 ,  104 ,  106 ,  1 0 8 , 1 0 9  
6,  1 1 0 , 1 1 2 ,  114 ,  116, 118, 119 
120 ,  122 ,  124 ,  126 ,  129 
130 ,  139 
140 
1030,  1039 
1060,  1069 
1159 
150,  152 ,  154,  1 5 6 , 1 5 9  
1550,  1552,  1554,  1556,  1557 
160,  1 6 2 , 1 6 4 ,  166 ,  169  
1650,  1652,  1654,  1 6 5 6 , 1 6 5 9  
170,  172 ,  174 ,  1 7 6 , 1 7 9  

S /R  

1 . 9 1 8  
2. 085  
2 . 3 5 4  
2. 626  
2. 886 
1 . 9 7 9  
2 . 0 3 4  
2. 143  
2. 217 
2 .907  
4. 687 
5 .807  
7 .577  

The 88 p r e s s u r e s  were measured with a sys tem that used a Giannini 
scanning valve and a valve that selects  e i ther  one of two t r ansduce r s  with 
var ious  amplification fac tors  to yield the needed p r e s s u r e  ranges ,  

- 7 -  
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a 
IV. OPERATING CONDITIONS 

MODEL ATTITUDES 

The angle-of-attack range for  the command module was from 0 to 180 
degrees  and f r o m  0 to 60 degrees for the command module with se rv ice  
module. The model installation is shown in F igu re  6. 

F L O W  CONDITIONS 

The flow conditions for  Mach number 10 provide a Reynolds number 
range  of 0. 24 to 1. 1 x l o 6  based on the command module diameter .  

- 11 - 
SID 62-1242 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION S Y S T E M S  DIVISION 

7 

- 12 - . 

c 
0 

d 

d 

e 

.rl 
c, 

4 
4 

c, 
v) 

H 

9 

a, 
k 
7 
M 

6( 
.rl 

. 

SID 62-1242 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE m n d  I N F O H M A T I O N  S Y S T E M S  D I V I S I O N  
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V. TEST PROGRAM 

The t e s t  p rog ram in tunnel C at Mach number 10 was completed in two 
p a r t s ,  because of a tunnel hea te r  breakdown. 
the f i r s t  portion of the t e s t  a r e  summarized in Table 1 ;  groups completed 
during the second portion a r e  summar ized  in Table 2. 

The groups completed during 

Table 1. Completed Groups -Part I 

Configuration 

c2 

C 

E35T 1 qC 2 

E35T 14c2 

~ 

Reynolds No. Group No. 

8 
9 

10 
11 
1 2  
1 3  
14 

1,  15  
2 
3 
4 
5 
6 

7,  31 
32  
33  
34  
35 
36 
37 
16 
17 
18  
19 
20 
21 
22 

Angle of Attack 
(deg) 

0 
3 
5 

10 
15  
20 
25 
30 
35 
40 
45 
50 
55  
60 
65  
70 
75 
80 
85  
90 

0 
3 
5 

10 
15  
20 
25 

c 
- 1 3  - 4wHiwue 
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Reynolds No. Group NO. 

Y 

Table 1. Completed Groups-Par t  I (Cont) 

Angle of Attack 
(deg) I Configuration 

I E35T14C2 

t 
E35T 14'2 

0. 24 x l o 6  

1 
0. 24 x 106 

23, 24 
25 
26 
27 
28 
29 

30 
35 
40 
45 
50 
55 

Table 2. Completed Groups-Par t  11 

Configuration Reynolds No. 

1 . 1  x 106 

1.1 x 106 
0. 24 x 106 

0 

A 

24! l o 6  

:roup No. 

16 
17  
18 
19 
20 
21 
22 
23 

24, 25 
26 
27 
28 
29 
30 
31 
32 
8 
9 

10 
11 
12  
13  
14 

15, 2 
3 
4 
1 
5 
6 
7 

ingle of Attack 
(deg) 

120 
125 
130 
135 
140 
145 
147 
149 
150 
152 
155 
160 
165 
170 
175 
180 

0 
3 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

- 14 - .88cm&Tsrit;flpL 
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DATA REDUCTION 

Data reduction involved conversion of p r e s s u r e s  to coefficient fo rm 
as follows: Px - P 

q cp = 

NOMENCLATURE 

C = local p r e s s u r e  coefficient P 

Px = p r e s s u r e  a t  any orifice 

Pa = f r e e  s t r e a m  s ta t ic  p r e s s u r e  

Po = total  p r e s s u r e  

Pd = total  p r e s s u r e  behind a normal  shock 

To = Total tempera ture ,  degrees  Rankin 

= f r e e  s t r e a m  dynamic p r e s s u r e  q* 

s = distance to orifice f r o m  center  of launch face of model 
measu red  along the sur face  of the model,  inches 

r = radius  of command module at the maximum diameter ,  inches 

u . . ~  = sec tor  angle of attack, degrees  

a = model angle of attack, degrees  

DATA ACCURACY 

P r e s s u r e s  were  measured with an accuracy  of 0 . 2  percent  of 
the ra ted  t ransducer  used. 
p r e s s u r e  coefficients because of local  p r e s s u r e ,  total  p r e s s u r e ,  and 
dynamic p r e s s u r e  measurement  accuracy  was calculated using the total  
differential  method. 
found to be *O. 001. 

The maximum possible e r r o r  occur r ing  in the 

The maximum e r r o r  in  p r e s s u r e  coefficient was 

The angle-of-attack accuracy is *O. 1 degree.  

“‘le * 
9 
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'a I -- 

TABU LATED DATA FORMAT 

The tabulated data gives P, Cp, and P/Po' f o r  each or i f ice  number 
l i s ted  in the a r r a y  shown in the data format .  
o r i f ice  locations on the model (F igu res  3 and 4). 
group number,  Mach number,  configuration, angle of a t tack,  rol l  angle,  
s ta t ic  p r e s s u r e ,  total p r e s s u r e ,  dynamic p r e s s u r e ,  total  t empera tu re ,  and 
Reynolds number a r e  l i s ted  at the top of each data sheet.  

These  numbers  cor respond to 
The per t inent  run number,  

The following is a l i s t  of the machine nomenclature  that  cor respond 
to the s tandard  nomenclature. 

S - ALPHA = U S  RE = Reynolds Number 

ALPHA = Q T O =  To 

P O  = Po C P  = cp 

Q-INF z q P / P O 1 =  P/Po' 
00 

The data also include configuration numbers  as follows: 

T e s t  Part Configuration Configuration No. a - Range (deg) I I 

P a r t  I 

c2 

c 2  

E35T14C2 

. 
0 

-.. 

0 to 60 

60 to 120 

0 to 60 

Part I1 

Powers  of 10 a r e  used to position the dec imal  point in the data 
presented. 

(Example:  9. 972 - 0 3  means 9 . 9 7 2  x = 0.009972) 

SID 62-1242 -' 
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PLOTTED DATA INDEX 

P a g e  

Command Module , 

Launch Escape  Vehicle . 
Command Module With Service Module . 
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COMMAND MODULE PLOTTED DATA 

M = 1 0 . 0 ,  Q = 0 to 180 D e g r e e s  
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c(r(TIGuuTIo( c2 CUCH No. e 10.18 
-ssUrt DISTRIBUTIaY E S T  C R X P  NU(BER 32. R l v  svr(BQ 

TOTAL P R W  1593.6 PSIA 0 - 9  8 
*POLL0 PS-3 TOTAL TEcQERATUlpE 1678.0 UCQXS W I N E  1 - ?  X 

&rrJxDS FU(BER PER INCH 0.1631 X 10-6 2 - 6  I 
A.E.O.C. W L  C Q ATTACK 179.45 EGIIEES 4 + 
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P%SSUfE CISTRIBUTIW E S T  G W  bcY(OCR 16. R A Y  S M 5 G i  

TOlAL P F 6 5 . N  281.6 PSIA Li - 9  s 
*AXLO PS-3 TOTAL TEMPERATUS 1721 .d OEGKES R A N h I M  1 - 7  x 

FEYFULCS W R  PER INCH 0.6346 X 10% 2 - 6  I 
A.E.C.C. T l M L  C ANGLE 13 ATTACK 3.02 O E G S E S  4 
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  

C W I G U R A 1 1 ~  E35 114 CP MACH No. t I C . &  
r ' e s s u R  C I S T R I G U T I W  TEST G W  NUHMR 1 7 .  kAY ~VMGLJL 

TOTAL P @ S W  281 . 3  PSIA 6 - 3  I 
APaLO PS-3 1C)TAL TEMERATUR 1714 .I3 DEGREES RANlcINE 1 - 7  x 

KrmCS t m R  PER INCH 13.3343 X 1Lid 2 - 6  I 
A.E.O.C. T M L  C A M L E  CF A T T A C K  2.99 ( X C S E S  4 
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P % S W  CISTRIEUTI~ TEST G~ZOUP k W R  18. RAY 5rryLjl 

TOTAL P & S m  282.8 PSIA L i - 9  5 
*-LO PS-3 TOTAL T E M R A l U K  1699.0 &CREES MMIM 1 - I  x 

~ V N X C S  MMER PER INCH 13.0349 X 106 2 - 6  1 
A.E.C.C. T W L  C MLE CF A T T A C K  4.95 &CREES 4 4 
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C M I C U R A T I L X  E35  114 CZ MACH No. lo .& 
PCzESSME CISTRI6UTICN TEST G W  FlUMtXR 21. RAY S V W A  

TOlAL ?&S%fE ZtU .8 PSIA  6 - 9  c 
MOLL0 PS-3 TOTAL TtMPERATUR 17&.G CEGSES @NKIF(E 1 - 7  X 

& Y N ~ L C S  NUMC;ER F€R INCH Ci.5349 x lo+  2 - 6  I 
A.E.O.C. T I M E L  C AMLE CF ATTACK 1 9 . 9 7  [XGSES 4 
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*RXLO ps-3 TOTAL TLMPERATUR I ~ O L ) . L ~  CEGREES RANKIFC 1 - 7  X 

SYFUCGS NUHEER FER INCH 5.ir349 X 16% 2 - 6  I 
A.E.O.C.  T W L  C A M L E  CF A T T A C K  25.95 UCSES 4 
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TOTU PfEssLR 284.5 PSIA 0 - 9  * 
*POLL0 PS-3 ToTu TEWERATUR 1728.0 [ T G Q X S  RAWIN I - I  X 

M R  PER INCH 0.0341 X 1 0 6  2 - 6  I 
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TOTAL Pem o a . 9  PSIA 0 - 9  * 
*POLL0 PS-3 TOTAL TEIQCMWR 1m.o O E C l u S  W I N  1 - ?  X 

RWS M R  PER xwCn o . 0 ~ 1  x 1 0 6  2 - 6  I 
A.E.O.C. W L  C *K;U aF ATTACK 45.01 CLcms 4 + 
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COCICURITION E35 TI4 CZ MACH HC). I 10.06 
C W  NUwgR 28. I U V  6rwBa PCturA DISTRIBUTIo( TEST 
TOTAL PcassUrpE 263.2 PSIA 0 - 9  * 

-Lo PS-3 TOTK Kr(pERAnR 11Z0,o [ T G e E S  W I r E  1 - 1  X 
& W S  H * B E R  KR INCH 0.0342 X IO+ 2 - 6  1 

A.E.O.C. W L  C -LE OF ATTACK 49.96 [ T G e E S  4 + 
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COHIGURATION a s  MACH No. I 10.01 
PFESSJK OISTRIBUTION TEST CRXPNUweCR 8 .  R A Y  Srr(B0L 

TOTM PSS- 202.9 PSIA 0 - 9  * 
m L 0  PS-3 TOT& T E W f R I T a  1660.6 CEGSES RIMIN i - r  X 

SMXOS H*(BER PER INCH 0.0262 x 10d 2 - 6  I 
A.E.O.C. T W L  C &&LE Q ATTACK -0. CEGIIEES 4 4 
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Cc#ICURATIoN c2s MACH No. , 10.04 
?WSSUR DISTRIBUTION TEST G W N W E € R  9 .  

TOTAL PSs3uct  202.2 PSIA 0 - 9  * 
m 1 3  FS-3 TOTAL 1 E M P E R k T ~  1663.5 CEGEES U W I K  1 - I  X 

EvKx0.S NUMOER PER INCH J.Liz61 X 106  2 - 6  I 
A.E.D.C. T M L  C &LE OF ATTACK 2.99 OEGSES 4 + 
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cOEcIcwTroN c2s MACH N3. , 10.04 
P R  SSUF€ 01 STRIBUTION E ST GIYXP M F l U R  10. R A Y  srlea 

( 3 - 9  TOTAL P e w  201.9 P S I L  4 

-Lo PS-3 TOT& TECIPERATUCZ: 1660.0 OECSES f U N n I i s  i - r  X 
2 - 6  I &:OS NU(BER PER INCH 0.0261 X 10-6 

4 A . E . D . C .  T W L  C A&LE CF ATTACK 4.94 DEGSES + 
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COHIGUUTION c2s MACH No. , 10.01 

TOTAL PRSSUE zuZ.0 PSIA I J - 9  * 
*POLL0 PS-3 TOTAL T E ~ R A ~  1663.0 C E C e E S  RIM(I15 1 - 7  X 

&FyNoLDS NUWER PER INCH 0.0260 X 10d 2 - 6  I 
A.E.C.C. T W L  C N L E  Q ATTACK 9.96 OEGAEES 4 4 

8 C 
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’. . I. B-55 

SID 62-1242 



I N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

I . 

P 
R 
E 
s 
S 
U 
R 
E 

E 
N 
T 

COCIGlmTIOI as MACH m. 8 10.04 
PmsslR 0ISTRIBUTIC)I E S T  C W  NUWgR 12- c u v  sVc(B0L 

TOTAL P e w  200.9 PSIA 0 - 9  * 
*POLL0 PS-3 TOTAL E C P E R A M  1669.0 K C U S  W I M  1 - 7  Y 

HJC(BER PER INCH 0.0247 X lob 2 - 6  I 
h.E.0.C. T W L  C OF ATTACK 14.99 K C m S  4 + 
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C O H I G M A T I O N  C2S MACW No. 10.04 
W S S U R  OISTRIBUTIO( TEST C R X P  M M € R  13. R A Y  SYMBOL 

TOTAL P K S W  199.1 PSIA 0 - 9  1 
-Lo PS-3 TOTAL T E H P E R I T ~  1677.0 [ T C E E S  W I N  1 - 7  Y 

&=OS NUHaR PER INCH 0.0253 X 1 O b  1 - 6  I 
A.E.O.C. T L M L  C ANGLE C F  ATTACK 19.92 OEGFIEES 4 + 
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PRES- DISTRIBUTION TEST G R X P  M n e E R  14. R A Y  S m e a  

TOTAL 199.1 P S I I  0 - 9  * 
-Lo PS-3 TOTAL TEWPERATm 1 6 7 1 . 0  UECqES RCWIPL 1 - 7  X 

E W 2 L D . S  NUMER PER INCH 0.0255 X 10-6 2 - 6  I 
*.E.D.C. T L H N L  C &LE Q: ATTACK 2 5 . 0 3  E C S E S  4 + 

8 C 
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CONrIGUIUTIUd c2s MACH m. 0 10.04 
PrisSUa DISTRIBUTIO( E S T  CROUI NU(BER 15. IUr svneoc 

TOTAL PrEssurt 201.0 PSIA 0 - 9  * 
mL0 PS-3 TOTAL RCQERATUR 1667.0 CEGIIEES RIElrIFL: 1 - T  Y 

S W S  EU)BER PER INCH 0.0258 Y 106 2 - 6  I 
A.E.D.C. TL)IEEL c &&LE Q ATTACK 29.49 E G a S  4 4 
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CCNICURATION CZS WICH No. , 10.01 
PIES- OISTRIBUTION TEST G W M R  4 .  RAr 5rnwx 

TOTAL PrhssUa 201.4 P S I A  0 - 9  4 
*FULL0 PS-3 TOTAL T E H P E R I T U a  1663.0 [ X G B E S  RINKIM 1 - 7  X 

R v M C D S  M R  PER INCH 0.tlZ60 X 10-6 2 - 6  I 
A.E.O.C. T L N N L  C AXLE OF ATTACK 39.97 OEGKES 4 + 
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CQCIGmATION VS wcn NO. , 10.03 
p(EssuE DISTRIBUTION TEST G R X l P N U ( B R  6. I U Y  srC(B0c 

TOTAL P E S &  195.7 PSIA 0 - 9  * 
-Lo PS-3 TOTAL TEIQERATW 1676,O UG-S W I &  1 - 7  X 

R W S  NWER FER I r a  0 . 0 ~ 4 9  x 106  2 - 6  I 
A.E.O.C. 1-L C WLE CF ATTACK 55.09 C E C e E S  4 + 
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